Three new 8N-alkyl analogues of roseoflavin (MM) , i.e., 8-ethylamino-(EH), 8-methylethylamino (ME) , 8-diethylamino-8-de methyl-D-riboflavin (EE), their tetraacetates , and 8-amino-8-demethyl-D riboflavin (HH) tetraacetate, were synthesized . A relation between the anti-riboflavin activity and the chemical structure of 8N-alkyl analogues (8N-methyl, ethyl) was studied by a restoration by riboflavin (RF) of inhibitory effect of the analogues on a growth of Gram positive bacteria, i.e., Sarcina lutea, Bacillus cereus, and Staphylococcus aureus. The inhibitory effect of most of the analogues was restored by RF . But in some cases, i.e., 8-methylamino-8-demethyl-D-riboflavin (MH) in Sar. lutea and MM in Staph. aureus, the effect was not completely restored . Apparently, the inhibition in early phase of growth was restored, but the maximum growth was still suppressed. The non-alkylated amino analogue (HH) showed only unrestorable suppression of maximum growth in Sar. lutea. Of restorable effect by RF of N-alkyl analogues, approximate decreasing orders of anti-RF activity were as follows. Dialkylated analogue> monoalkylated. HH showed insignificant anti-RF activity . In each group, methylated analogue>ethylated.
Summary
Three new 8N-alkyl analogues of roseoflavin (MM) , i.e., 8-ethylamino-(EH), 8-methylethylamino (ME) , 8-diethylamino-8-de methyl-D-riboflavin (EE), their tetraacetates , and 8-amino-8-demethyl-D riboflavin (HH) tetraacetate, were synthesized . A relation between the anti-riboflavin activity and the chemical structure of 8N-alkyl analogues (8N-methyl, ethyl) was studied by a restoration by riboflavin (RF) of inhibitory effect of the analogues on a growth of Gram positive bacteria, i.e., Sarcina lutea, Bacillus cereus, and Staphylococcus aureus. The inhibitory effect of most of the analogues was restored by RF . But in some cases, i.e., 8-methylamino-8-demethyl-D-riboflavin (MH) in Sar. lutea and MM in Staph. aureus, the effect was not completely restored . Apparently, the inhibition in early phase of growth was restored, but the maximum growth was still suppressed. The non-alkylated amino analogue (HH) showed only unrestorable suppression of maximum growth in Sar. lutea. Of restorable effect by RF of N-alkyl analogues, approximate decreasing orders of anti-RF activity were as follows. Dialkylated analogue> monoalkylated. HH showed insignificant anti-RF activity . In each group, methylated analogue>ethylated.
In B. cereus monoalkylated analogues , and in Staph. aureus monoalkylated and EE showed no significant inhibitory effect. Redox potentials of the N-alkyl analogues were measured, and a definite relation between the chemical structure and the potential was found (RF =EE>ME>MM>HH>EH>MH) . But the anti-RF activity of the analogues was not completely explained by the difference of the redox potential from RF. 
RESULTS

AND DISCUSSION
Effects on growth In experiments described here, the growth curves of the control culture, especially the duration of the lag phase, which is determined mainly by the number of living cell inoculated, and the maximum growth, which is determined by states of cell inoculated and by other unknown factors, were different. However, it was confirmed by repeated experiments that these variables did not affect the results of our experiments. Figure 1 shows effects of the amino analogues on a growth of Sar. lutea and restorations by RF. The growth inhibition by MM, ME, EE, and EH was completely restored by RF (An addition of RF to the media to the concentrations In this experiment we measured the absorbance of the culture , and not the number of the bacterium. Therefore, we cannot conclude directly that the maximum growth of the bacterium was inhibited by these analogues. But it is sure that the effect of MH and HH on the apparent maximum growth was not restored by RF. So we can say only that restorable and unrestorable effects by RF on Sar . lutea were recognized in MH, and that only unrestorable effect was recognized in HH. Figure 2 shows effects of MM, ME, and EE on a growth of B. cereus and restorations by RF. The inhibitory effect of MM and EE was nearly completely restored by RF. In the case of ME (Fig. 2b) , the maximum of the growth curve was apparently a little lower than that of the control. But the difference of maximum growth was rather small and in the range of error. So the unrestorable effect of ME by RF would be small if any. The inhibitory effect of the monoalkylated and the non-alkylated amino analogues were insignificant (not shown) . Figure 3 shows effects of MM and ME on a growth of Staph. aureus , and restorations by RF. In the case of MM (Fig. 3a) , the early part of the growth curve was restored by RF, but the maximum of the curve was not completely restored. The inhibitory effect of ME was completely restored by RF (Fig . 3b) . The effect of other analogues on the bacterium was insignificant, and the growth curves are not shown. Table 1 suggests that dialkylated amino analogues have higher anti-RF activity than monoalkylated and monoalkylated than non-alkylated, and that methylated amino analogues have higher activity than ethylated (MM>ME>EE, MH>EH>HH).
An exception of this tendency was MM and ME in Sar. lutea, where two compounds showed equal degree of anti-RF activity.
Redox potential WAGNER-JAUREGG (11) explained an antibacterial activity of 7,8-dichlorflavin from the stand point of a difference of redox potential from that of RF. The potentials of the amino analogues are shown in Fig. 4 . In the group of dialkylated analogues, the decreasing order of the difference of the potential from RF, MM>ME>EE, corresponds to that of anti-RF activity, MM>ME>EE.
In the group of mono and non-alkylated, the decreasing order of the difference of the potential, MH>EH>HH, corresponds also to that of anti-RF activity, MH>EH>HH.
But, though the difference of the potential of the dialkylated group from that of RF is smaller than the difference of the potential of mono and non alkylated group from that of RF, the anti-RF activity of the dialkylated group is higher than that of the mono and non-alkylated group. Therefore, the anti-RF activity of 8N-alkyl analogues is not fully explained by the difference of redox potential from that of RF.
As a mechanism of anti-RF activity, the redox potential may be excluded, and other should be searched for. The repressor mechanism reported by BEREZOVSKII et al. (5), a competition mechanism on enzymes, and other would be possible. Moreover, the finding of unrestorable effect by RF of some of the 8-amino analogues is interesting, and a further investigation will be reported in future. 
